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BEARING

John G. Willlams, Springfield, N.J., assignor to Worthing-
ton Corporatlon, Hnrrlson, NJ., a corporation of Dela-

Application March 30, 1956, Serial No. 575,114
1 Claim. (CL 103—111) '

The present invention relates to a bearing for a rotat-
able shaft and more particularly to a hydrodynamic and
hydrostatic bearing.

The present invention relates to a bearing for a pump

which acts as a hydrodynamic type of bearing during
starting conditions of the pump when the pressure avail-
able for the hydrostatic type of bearing would be very
“low and thereafter acts as a hydrostatic type bearing
during normal operating conditions of the pump when
forces from the pump are adequate for such type of bear-
ing and when operating conditions for the lubricant are
unsatisfactory for a hydrodynamic type bearing.
" The bearing of the present invention is shown for pur-
poses of illustration. in use with a type of pump which
-is intended for service where the liquid being pumped
.serves as the bearing lubricant. This situation is com-
‘mon in pumps applied to pressurized water réactor serv-
ice. In this particular instance, the pump is driven by
some variable speed source, such as a multiple speed
motor or a steam turbine. When starting, the tempera-
ture of the water would be low, possibly 100° F. but
after the reactor reaches normal operating temperatures
a water temperature in the vicinity of 500° F. is obtained.
When starting the pump, the speed thereof is quite low
and as the reactor reaches its normal operating tem-
perature the pump speed increases accordingly to circu-
late water through the reactor at a greater rate. Because
of these conditions, water properties such as viscosity and
density which might be ideal for laminar flow conditions
during the pump starting period and for a hydrodynamic
type bearing are unacceptable for the usual hydrody-
namic bearing designs after the pump reaches its normal
operating temperature., However, as the reactor reaches
normal load, the pump head is greatly increased and
makes it possible to utilize this pressure to energize a
hydrostatic type pump bearing,

In accordance with the present invention, a pump bear-
ing is provided which operates first as a hydrodynamic type
bearing during starting conditions of the pump and there-
after, when the speed of the pump reaches its normal
operating range, and the water temperature and pump
head is increased, acts as a hydrostatic type bearing using
the water being pumped to energize this bearing. Thus,
the present invention provides a bearing which first acts
as a hydrodynamic bearing at low speed and thereafter
as a hydrostatic bearing when the pump reaches its nor-
mal operating conditions without requiring an external

- pump or apparatus for supplying high pressure liquid
lubricant to the bearing to energize it as a hydrostatic type
bearing.

The present invention further provides a combination
hydrodynamic and hydrostatic bearing for a pump with-
out limiting the range of the pump design to limits where-
in a hydrodynamic bearing only could be utilized.

The present invention will be better understood when
considered in connection with the accompanying draw-
ing forming a part thereof and in which:

Figure 1 is a longitudinal sectional view of a centrif-
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ugal pump embodying the bearing of the present inven-
tion.

Figure 2 is a transverSe section of the bearing taken
on line 2—2 of Figure 1, and

Figure 3 is a transverse section of the bearing taken
on line 3—3 of Figure 1.

Referring to the drawing, the reference numeral 10
designates a centrifugal pump having an.inlet or suction
eye 11 and an outlet or discharge chamber 12 disposed
in a housing or casing 13. An impeller 14 is provided in
housing 13 and connected by a spline and a nut 15 to
a rotatable vertical shaft 16 extending through the upper
part of the housing. When shaft 16 is rotated by means,
not shown, the impeller takes a suction through pump
inlet eye 11 and discharges fluid therefrom into dxscharge
chamber 12.

The hydrodynamic and hydrostatic bearing of the
present invention- generally designated 18 comprises a
sleeve member 19 arranged on the lower end of shaft 16
and press fitted into a bore 20 in the housing 13. Mem-
ber 19 is provided with a continuous circumferential
recess 21 (Fig. 3) disposed on the inner surface there-
of adjacent the upper end thereof and a plurality of
circumferentially spaced recesses 23 (Fig. 2) on the
lower end thereof. A restricted passage 24 is drilled in
member 19 adjacent each recess 23 therein to form an
orifice in communication with individual recesses for sup-
plying high pressure lubricant to the bearing, as herein-
after described.

A transverse passage 25 is drilled through shaft 16 in
communication at the opposite ends thereof with recess
21 while a vertical bore or passage 26 is provided in the
lower end of shaft 16 to communicate at the upper end
thereof with passage 25 and at the lower end thereof
with suction eye 11. Passages 25 and 26 and vertical
passages 30 extend through impeller 14 and are used to
return lubricating liquid from bearing 18 to the suction
inlet 11, as hereinafter described. A liquid containing

-annular chamber 27 is provided in housing 13 adjacent

bearing 18 and communicates with discharge chamber 12
through a plurality of inlet passages 28 and with orifices
24 through discharge passages 29 disposed therein ad-
jacent the recesses.

In operation, when pump 10 is initially placed in op-'
eration the temperature of the water being pumped is
low, for example, approximately 100° F., the pump speed
is low, and the discharge pressure or head is also low.
The pump impeller 14 takes a suction through inlet eye
11 and discharges liquid therefrom into discharge cham-
ber 12, a portion of the liquid thereafter passing through
inlet passages 28, chamber 27, outlet passages 29 and
orifices 24 into recess 23 of the bearing. At this time,
pump shaft 16 may impose a load on bearing 18 due to
unbalance and/or dead weight. Bearing 18 acts as a
hydrodynamic bearing with this action, and the lubricat-
ing water entering recess 23 forms a wedge-shaped film
between the bearing and shaft due to well known laws
pertaining to viscous flow. The lubricating water then
passes upwardly and downwardly of the bearing provid-
ing lubricating action between the shaft and bearing sur-
faces. The portion of lubricating liquid which flows up-
wardly from recess 23 thereafter passes into recess 21 in
the upper portion of bearing 18 from which it is dis-
charged through passages 25 and 26 back to the suction
inlet 11 of the pump while the portion of lubricating
liquid passing downwardly from recess 23 flows through
passages 30 to the pump inlet eye.

When the speed of the pump has increased to its nor-
mal operating range and the temperature of the water
being pumped increases to its normal operating tem-
perature, for example, 500° F., the discharge pressure
or pump head increases so that it is possible to utilize
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the water pressure 0 operate bearing 18 as a hydrostatic
bearing. Furthermore, when these conditions are ob-
tained the properties of the water being pumped (espe-
cially viscosity) are unacceptable for the usnal hydro-
dynamic bearing, ‘At this time the high pressure of the
water passing from chamber 27 through passages and
orifices 24 imposes a force on shaft 416 acting in a radial
direction thereon so as to center -the shaft coneentrically
within bearing sleeve member 19 and thereby prevents
the shaft from acting against one surface or portion of
the bearing member. The lubricating water passing be-
tween the shaft and bearing surfaces thereafter flows
upwardly and downwardly of the bearing and is: returned
to the suction eye or inlet 11 in the same manner as
when the bearing was acting as -4 hydrodynamic bearing.
Thus, the present invention provides a bearing for a
pump shaft which acts as a hydrodynamic type bearing
at low speed and temperature when the pump head is low,
and thereafter acts as a hydrostatic type bearing when
the pump speed, water temperature and pump head in-
creases. ’

It will be understood that the invention -is not to be
limited to the specific construction or arrangement of
parts shown but that they may be widely modified within
the invention defined by the claim.

What is claimed is:

In combination, a pump comprising a housing having
an inlet therein, a rotatable shaft in said housing, an
impeller connected to said shaft, an annular discharge
chamber in communication with the impeller for receiv-
ing liquid under pressure therefrom, a shaft bearing dis-
posed in said housing to act as a hydrodynamic bearing
when the pump is operating at low speed and as a hy-
drostatic bearing when the pump is operating at normal
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speed, said bearing comprising a sleeve member mounted
on the shaft adjacent said impeller and having a continu-
ous circumferential recess en the inner surface thereof
adjacent its upper end and spaced circumferential re-
cesses below said continuous recess whereby said bearing
is characterized as having a plurality of ridges having
greater surface area adjacent 8aid shaft than the surface
area of said recesses adjacent said- sheft, a restricted
passage in the sleeve member forming an orifice in com-
munication with each spaced recess, an annular liquid
chamber in said housing dlsposed -adiacent the outsxde of
said bearing having an inlet in communrication with said
discharge chamber and outlets in communication with
said orifices f@ pass labricating liguid to the beacing sur-
face, a passageway in said shaft and impeller in com-
munication with said continuous recess and pump inlet,
and passages extending through said impeller in com-
munication with the inner end of said bearing and pump
inlet for returning lubricating liquid ‘to the pump inlet.
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